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Summary
Hevamine is a chitinase from the rubber tree Hevea brasiliensis.It is abundant in
the vacuolar organelles of the rubber latex, the so-called lutoid bodies. The
enzyme is believed to play a role in the plant defence against pathogenic fungi by
degrading the chitin fraction of the ftingal cell wall.It acts synergistically with B-
(1,3)-glucanase, which cleaves another polysaccharide in fungal cell walls, and the
chitin-binding protein hevein. which are also expressed in the lutoid bodies.
Hevamine belongs to the family 18 glycosyl-hydrolases, whiclr is a large protein
family abundant in bacteria, viruses, ftlngi, plants and animals. Its X-ray structure
has been elucidated at high resolution and revealed a protein with an (o/p)3 banel
fold. The initial X-ray studies gave important clues about the amino acid residues
that could be irnportant for catalysis. Our aim was to clone the hevamine gene for
site-directed mutagenesis studies to gain rnore insight in its catalytic mechanisnr,
using enzyme kinetics and X-ray crystallography.
Chapter 2 describes the cloning of hevamine, and the determination of its DNA
and cDNA sequences. This revealed that the hevamine gene contains rto introns ,
but that an N-terminal export signal sequence is present, which is cleaved off in
the mature enzyme. The full-length gene contains also a C-terminal extension
coding for l3 additional amino acids, which are also cleaved off in the mature
enzyme. This C-terminal extension has so far not been found in other family 18
chitinases; it probably serves as a vacuole-targeting signal, analogous to the
vacuole-targeting signals that have been found in a thaumatin-like protein. a
family I 8 chitinase and a B-( 1,3)-glucanase from tobacco and a lectin from barley.
Southerr blotting experirlents of Hevea bra.yiliensis DNA with a full-length
hevamine cDNA probe under stringent conditions suggest the presence of multiple
copies of hevamine or hevamine homologues in the Hevea brasiliensis genome.
Some of them, however, may be pseudogenes that are not expressed, as we could
only detect three hevamine species in Heveq lutoid body (vacuolar) fractions.
These three species were designated hevamine A, B and X. They have very similar
primary structures. Hevamine B differs from the major species, hevamine A, in a
single Leu269Arg substitution. Hevamine X may be a form of hevamine A in
which a glutamine or asparagine residue has become deamidated.
On DNA level, we also found apartial sequence that is homologous to hevamine.
This sequence fragment has a much more acidic isoelectric point (IEP) than the
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homologues sequence fragment of hevamine. The function of this protein is not
known and needs further investigation. Because this protein sequence is more
acidic than hevamine, it may be that this is an extracelh"rlar PR-protein that is
expressed under stress-conditions.
Chapter 3 describes enzyme kinetics experiments of hevamine with penta- and
hexa-N-acetylglucosamine ((NAG)5 and (NAG)) as substrates to defrne the
nurnber of sugar binding sites in the hevamine active site. X-ray studies had
already shown that (NAG)3 and (NAG) a bind in the hevamine active site at
positions -4 to -1 without being degraded. Our studies with (NAG)5 and (NAG)6
show, that these larger compounds are hydrolysed. (NAG)6 is degraded with a
lrigher k,.o, and a lower Kythan (NAG)5. From these observations it can be
concluded that the +2 substrate-binding site is benehcial for catalysis, probably
because it helps in positioning the substrate in the active site for optimal catalysis.
Kinetic studies of hevamine with the inhibitor allosamidin and (NAG)a showed
that allosamidin is a competitive inhibitor of hevamine with a K, of 3. I pM. In
contrast to what was expected from the X-ray results, (NAG)4 did not inhibit the
enzyme under the conditions tested. Additional enzyme kinetic experiments will
be required to assess whether or not allosamidin is a transition state analogue, as
suggested earlier.
The cleavage specificity of hevamirre with peptidoglycan as a substrate is the
subject of chapter 4. Mass spectrometry analysis of peptidoglycan fragments
hydrolysed by hevamine revealed that the hydrolysis reaction proceeds between
the C I atom of an N-acetylglucosamine residue and the 04 atom of an ly'-
acetylmuramate residue. This is a cleavage specificity that is different from that of
the family 22het egg-white lysozyme, the family l9lysozymes from papaya and
wheat germ, and the family 24 T4lysozyme. Because of this deviating cleavage
specificity, hevamine cannot be classified as a lysozyme. There are several other
family l8 glycosyl hydrolases that, l ike hevamine, have a basic isoelectric point
and optimal peptidoglycan hydrolysing activities around pH 5. lt would be
interesting to see if the peptidoglycan cleavage specificity of these enzymes, e.g.
fromCitrus sinensis, tobacco andParthenocissus quinquifolia,is also similarto
that of hevamine.
The roles in catalysis of the highly conserved amino acid residues Asp125, Glu127
and Tyrl83 are studied in detail in chapter 5 by comparing enzyme kinetic and X-
ray data of wild type hevamine and mutants. We were not successful in obtaining
X-ray structures of hevamine with (NAG)5 and (NAG)6 that could provide
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information about the binding of sugar residues in the +1 and + 2 sub-sites. In
soaking experirrents crystal contacts prevented binding of a sltgar residue in the
+1 position, and in co-crystallisation experiments the substrates were degraded
and only (NAG)4 was found to be bound in the active site, even when mutants
were used with a very low residual activity.
Mutation of Glu127 to alanine yielded a mutant with2o/o residual activity
compared to wild-type hevamine. Compared to the 0.1% activity of Glu--rGln
mutants of the bacterial t'amily 18 chitinases from BacillLts circulans and
Alterontonas sp., this residual activity is relatively high. Structural analysis of the
hevamine Glul2TAla mutant complexed with (NAG)a revealed that a water
molecule is positioned between the Cp of A1a127 and the -1 Ol atom of (NAG)a
in such a way that it can donate a proton to the scissile glycosidic bond. This
suggests that, in the Glul27Ala mutant, this water molecule may replace the
proton donating Gfu127 Oe atorn, thus explaining the relatively high activity of the
hevamine Glu I 27Ala mutant.
Previous mutation studies on family 18 chitinases have shown the importance of
the catalytic aspartate residue for catalysis. ln lrevamine, mutating Asp125 to
alanine gave an enzyme with approximately 2o/o rcsidual activity compared to
wild-type enzyrne. X-ray studies of the Aspl25Ala mutant complexed with
(NAG)4 showed that the N-acetyl carbonyl oxygen of the -l bound sugar is not
positioned near its C1 atorn. This suggests that the fbrmation of the putative
covalent oxazolinium intermediate is hampered, thus explaining the lowered
activity of this mutant. Mutation of Asp125 to asparagine resulted in an enzyme
with a high residual activity. With (NAG)5 as a substrate k,, is only half of that of
wild-type hevamine. This suggests that the negative charge of Asp is not
absolutely required. This conclusion is supported by the presence of an Asn at the
equivalent position to Asp I 25 in the sequence of the highly identical family l8
chitinase from Arabidopsr,s. In contrast, Asp---+Asn mutations in the family l8
chitinases from Bacillus circulans and Alteromonqs sD. resulted in an almost
complete loss of enzyme activity.
From the different effects of the Asp125 arrd Glu127 mutations in the varrous
family 18 chitinases two distinct classes of family l8 chitinases can be discerned.
The members of the first class, which contains amongst others hevamine and l.
caviae chitinase, retain most of their enzyrne activity upon mutation of the
catalytic aspartate to asparagirre. The chitinases of the other class (with the
Bacillus circtrlan,s and AlteromorTai' sp. chitinases) lose nearly all their enzyme
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activity when the catalytic aspaftate is mutated to an asparagine. Since the
chitinases belonging to the separate classes have very little sequence similarity, an
unambiguous explanation of the different effects is not yet possible. Detailed X-
ray studies of members of both classes of family 18 chitinases may be required for
th is .
Our results also show that Tyrl83 has a significant role in catalysis. The
Tyrl83Phe mutation resulted to a fourfold decrease of k,,,t, while Kyhardly
changed. These data, combined with crystallographic data suggest that Tyrl83
plays a role in stabilising the oxazolinium reaction intermediate in concert with
Asp125. From the Ky values it can be concluded Tyrl83 does not play an
important role in substrate binding.
